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(57)Abstract 

PROBLEM TO BE SOLVED: To suppress the depletion of a gate electrode 
or channeling of impurities and prevent the degradation of high- 
frequency characteristics or an increase in parasitic resistance during 
making of gate electrode in the case where a polycrystalline silicon is 
used for gate electrode. 

SOLUTION: In an MIS type semiconductor device in which a 
polycrystalline silicon film is used for a gate electrode, the average 
particle size of polycrystalline silicon particle in the lower area 1 4 of the 
polycrystalline silicon film is larger than that in the upper area 15 
thereof, and the polycrystalline silicon film has no peak of oxygen 
concentration and nitrogen concentration in the film thicknesswise 
direction. 
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[0 10 4] #tC0 1 5 (d) tc^t^tc, £ffilcjp 
J70n mSJSO~>U 3yg{kM^C V DffitCcfcoTtt 
SlU R I Et«fcSx-yf-/Wf ffitcfcOy-htHS 
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7 ©fflijaiCil^^P4 0£JW3 o 
[0 10 5] $££18 (d) lcSt<fc-5»C, nMOS® 
WfcAs* £50keV, 5 x l 0 15 /cm 2 O&ftT' 

>r*>axu nMosmwcv-x- Fi^r>nw4 

1 a^fitTSo C<D£t, nMOSM«€>y-h«S 
(^SS^UnyK) 3 7fCfeAs t *V*>^X^tl 
3„ cntC<fcO^ nMOSW<oy-hlS(^> 
|J3^D 3 7<D«fiffi<btfnM£ft£> 0 
[0 10 6] ^tcH0 (d) fC^-r<fc9fc, pMOSfS 
/0 SiCB* ^7keV, 5xi0 15 /cm ! O^ftt?^ 

y&XU pMOS^cv-x- fw>«4 1 b 
%iem%<> c<Dtz, pMos?s«©y-h«s 

nfciO, pMOS«WO^-h«i (^ISft^U^y 
[0 10 7] nSRtfpS'f^y^n^nOilJPji 

«ERtfK-x*a, h^yi/*x^»Mf-+^;i^i*ai 
ffle>K£L m-ef^rsc o s 1 2 £<Dnmyw h 

20 -{*y&X<Dm¥li®X'$>m<\ 

[0 1 0 8] 30CRTA*flft\fcl 0 3 5t:, 1 0*JxO 

ns@^aB!MQfficJ:o, v-x- fu-osku i 

a , 4 1 b Rtfy- HSffi 3 7 fc#A£ftfcW*ISKDfi 

[0109] ^yax^ffocittcfctjy-h 
as (disss' u n >bd 3 7^ B B B tt*^n, ^n* x 

RTAfflSifcJ:oTISaSttfl:«nS. Wc4 ^1<D 
HSBBItt?SLfcJ:5a: [2 11] SiPK)S»iB6W» 

mcrnizcttf&Zo la>u y-h^i3 5fcjfi 
wafts' u n >nre« it^oY-h mmomfctv t. 

[0 110] S IMS^fflV^, y-h^!3 5 

t<D#ffi{;:jai^J©R T At&OJFmsftlfiZSWto 
[0 111] ^(Om^. nMOS bry&xfw—x 
• KUY>1RM4 1 afli, tf-?«JS4 x 1 0 20 /c 
m 3 , fc!-*fiig0. 0 3 3/im (^U3>S^B*^ 
. 2xi0"/cra ! omStV&tl>1tWBL 

40 [0 112] pMOSh7^WOV-X« F 

W>tB«4 1 bt?tt, tr-^lftSl. 5xi 0 20 /c 
m 3 , t!— ^figO. 027(im (->Un>S«^ffi^ 

,2x1 o"/cm j oawre^Ubfcsaft 

agilStiO. 19(im-pJ&ofc 
[0 113] 7--h«13 7 0^gl%jftSti, n 
MOS h^V^X^RtfpMOS h5>^X^»4:fcC 
1. 5xi 0 20 /cm 3 <Dm££l— ^ffiSfcftoTV 1 

[0 114] %(CHB (d) (C7K3-£?tC, 

50 asiefeffiarsfc«>K:» y-x • vvjyffl&A 1 a. 



15 

4 1 bRtM*-h«H3 7fl!>a8Bfc->U-9-'f FH (Co 

[oils] &±<D*mi<DJimcx{mLrcCMos 
Y^y*j7.z<mmt. caEWSfcTfwufcCMos 

[0 1 1 6] *-*\ ^SftKKLTti, 01 5{c^f<fc 
[0 1 1 7] *5g»DS^±, rSttffcO/c&OR 

[0 1 1 8] 01 7f<l, y-hftO. 15/im<DpMO 

a»*) «srr. a^e. ^awaimi, fie*©*? 

[0119] c(o<fco{c*^^ffl^5^ y-hmffi 
ffl v >^©t5*F-?HSwe#a:v * y&xmfr* * 

[0 12 0] Ctltt, y-F«BfcLTfflV^*iHSaf 

zm&yv^ymvwmmRi , 'Magmas' u=i 

[0 12 1] y-h*S (^i->U3>D <D£S{fc 

ffiStCfic^T^o 01 81C, y-hltffcJStDfgS (2n 
m, 3nm, 4nm) A145 3O©M0S h^^'X 

^©^tt^fticoi^T, y- 

[0 12 2] MOS \~7y>>XZ<D®m*nz-%t. & 



(9) #F*?!2 0 0 0-1 50882 

/<> 

2ft*9 0%«±*«Sli:*«^ ccDffi£#a.£«SC 
ff^#F*H«&fttt» y- FfcfbS©KW#3 nmO 
*e-tc(i7x l 0 19 /cm3 fittfcfts,, 
[0 12 3] ^ B B r>'J3y^^(D«m&iJffitt=S: 

[0 12 4] tt^hS^KHttJffcfc^S^FRtt 
/0 IKft3©T\ /J4^H«fr- : RSSttfb5rtBc?) J W- 

Wfc^-rtsi 9co<fc^tc^5„ 0£t±, «n#sstt& 

3f*^«©¥l%ttatjcStt <?r*iw* i . 5 x l 0 20 
/cm 3 ©t§£) jW^LT*S. 
[0 12 5] 0fr>6> ¥^(SS^1 0/im<fcH'h?< 

ffiTLT <5C fcjSWJ. * fc» £Sfc*9 0 %«± 
(«MWffittft^E^S7 x l o«»/cm» tt±) * 

20 (Rl ^lfim) TftttntfftSa^CfcjWtt^. 
[0 12 6] i:C3T\ ^AAKfl^WSttft^PNfiHBB 

y- F«ffit5/u 3>«fii:oB«c«tr*«ayjiso 

[0 12 7] LfttfoT, y-F»ffifcy-F«ftl8fc 

<» ±E^ffiA^*PB*^ST'(0^«©y-h«SA^ 

JO [0 12 8] Ctl«*fi^^)fC!*SSST*0. o. 
5~0. 6nmt«. SffiPSO. 5~0. 6 

n mOlgfflfc^ >T, WtfWSatftlHISBS/ U 3 MIW 
Jgdc^nTV^^A^So WV^x.§4:, Rl 

^ffiA^O. 5~0. enmfeUKDH^-ejg^tl-CV 
**a66«6*. v—»*Miitfi:> Xl £l nmjWfc 

[0 12 9] J*ymM(0***VyV(V9M 

[0130] visas' u 3 >m©ttiwxT ©^±0 

3>«©^)PXl ©TRfifc©l»Rlfc:«t-3Tj**So ± 
ET*H!W)»#«4ii»L S SfflteCTEa*ti«o L S 
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(10) 
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[0131] ^^yy^^<Siie.^^tc^ 



[0139] matemgki'V^>mtfm&£&gk 



rnmmR? , mzmmmzb r p ttst. mm- ym^mmm^v 3>« am : 2 0 0 nno / 

h Rp + 6 A R P OSSOSWrtfc: 9 9 %U±©^» 'J 3 >«(■»: 1 0 n m) ©«JMS5fi 

WXZo CCX\ A Rp t±L S S SSwlCcfc 0 R P X3& B ©*§£, ft^ c fc&ftSS*' U 3 >lfftf*l»S£*SftS' 

C fctf-ff**. ilJMgfcftS'FWIiffc LTfiSfeM^A U 3>I (§W : 1 6 0 n m) //J>«g£*Sa5' U 3 > 

s©*&Kfi, LSSaWC*»)» R P +6AR P = Iff (lW5 0nm) ©*»■«& C©Jt£©B7n7rY 

3. 5R P Xl ©TBWtt, ±iE©iI9 /UfcWiWiSl/C^So fc** /J^g^lSa^y^y 

1 nnTC**fr6, Xt^3. 5 R P + 1 nmfc&So MB*Bg^«ffl">U3>lU:lc}g«*nT^S. 
B^PttA s cfcD fcgVVDT?, CftSO'FKfcfcffl^fc 10 [0 14 0] Hfr6, JW*BSA<0»6fctt 1 x 1 0 16 

&3 0 -7?, Xt (D±mtM.lt. THffH2HRtttf*3 #!»C©JI£icf£F^©&A*#l x 1 0 "/cm 3 

fett-rafc^flV. y-h«iOJpi<OWIHtli:<toT« MU&T&^tvCi^ctimit^, *fo #H«3fi 

fc&££o y-h«ffi©^*»{i, Hfifc* A©»5fcl4, L*V^«Mffi©tf OOmVifi 

LTfc, y-hftLg lffloftW6Wl5Cklc4 [0 1 4 1] 02 2(4, m^UnyMIiA^ 

So i o n moita-ic, 'Vmssfegky u 3 >jff©j?£ x s 

[0 1 3 2] «ld Lti, 02 7fcwfr Zoic. 20 ZmtZtttZ C*ftS^«a5"J3>l«©**X l 

£IM5>'j3ViK>BlffXT ©IH&tc&S„ Lfctfo =2 lOnm-Xs ) (D^i/'J 3 

WfcUffXr KSBHfltUSCfcfcftS. [0 14 2] ^t&ttftfr^^ffltfifi©^*;!^ 

[01 33] hrk, 7-ym>ift>-3Z<r>w&mtf mm. (ixio"/cm> ) <oi/2 06«<fc »>«»'> 

-h®Dl 0%S«n?**fr6> 0. 1L, ^2Xt • fctttUf. L#^fM£E©lfSo#*^V^cWa 

COSflfcfctK UfctfoTXT :£0. lL g /(2C 2ftSCfctt?-T?fc?^£nT^S. 

0 S 0) i:*5o R I E©J£*jfr5#T, 9 1 LX 8 8 [0 14 3] LteSbT, *WSW>l£-*fi«i:H#© 

ssas-pBSbftttntKfceav^o^ x T <i. 4 »«^w^c«*STk:*iiSLfe»*«vj>aa3« 

[0 13 4] J&hg W^'JnyW 30 cttc^So 

mXi 3. 5R P +lnm^X T <1. 4 L g fcft [0 14 4]«BC /htfigg^S'ynyl&DfigR 

So *»)J;3{C, Lg =0. 1 5 ft nix B * <Dl)fSm s fcO^TSfi**. M»»S/U3:4«©IKRk 

JE7 k e V, As* <OJtaJimE5 0 k e VO^Cti, y- hftfc©II&T??*i6e>ft3o 

Xt ^3. 5R P +1 nm=0. 1 2finu ^ Xt [0 14 5] **B3^3'U3MII©iiWrffi 

^0. 2 1 ,im£&3o ^CT\ #Wffli» ±£«Brt t^O±<0/jNfii^^ B B B ->U=i^)ff<Offi^iitfc^tt3oT 

©ffltLT, Xt =0. 2/tmttTI/^o US'5»&*«**i: CcT<'h*VHWP*«^ C© 

[0 13 5] *«S#IM2/y3>l««!»SXs fcHL iattWftKtWCfcjWfeOlM) ,02 2 (a) © 

Tti, OT©<fc?£#*3Ct*n?t5„ »iffi0k:^-r<i:3(c, ffi7j1i#^LTL£-51<W(AT- 

[0 136] rf, Sm^e, Xs ^Xt t%Zo X {if-^y^y^CTL^ChtCfc^o 

t Tbq^ttT'^s^ca, xt (DTmm<mtmmfr 40 [0 1 4 6] v^wst-rt^ 022 (b) 

P>^P>*^<fc3fC, Xs =Xt -lnmt§5o Xt tC7j?f <fc 5 (C. ^-HffWGOf-fr^n^KnftKjftoT 

B<tazici>tc&r>xxs iii<t«cwei x T «WA*«»Wfc:#aers«&, L#iHME<oa»« 

[0 13 7] Lg =0. 1 5 nm<Dm$ltmiCt>). 0 [0 14 7] LfrU 02 2 (c) (CTni-.fc^lC. y- 

2 lRt>*02 2*ffl^T, Xs ©TBWCif©«}:5CL h1ff«GO^+*7l^fc}ftoTiHWA«»^fl*:#«er 
T»S*A^BSW*. U#l/H»lBEH:ffiTUTL.*5. LteWoT, 

[0138] 020a, ^ B iv"j3>KicB t ^iipa Rs«y^-hftttTe*s<ea»***o fcfcu Rs » 

«E7 k e V, K-X»5X 1 O'Vcrn 2 ©##T*^ ¥^K®T*fe»3, ^fc(4Rs J:0/hSU«S©t»Ofe 

*yW^Lfctz<oJ*ymJ&<on-7v7T 4)1%* metzrcib. wmiatRs *y-h*L, ©1/3 
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(11) 
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[0 14 8] &Lk££*bZ£* 
3. 5R P +1 nm^Xi £l. 4 Lg 
Xt =Xs +Xl 
Xl >1 nm 
Xs ^R P 
Rl ^l(im 
Rs ^ (1/3) Lg 

[0 14 9] R P &7-bWMlC^*>W<VmXLrc 



[hi o] ^m^yv^ymmrnm&^br^m 

[011] 08-01 O0«fi**£WK*l.fcia 
[012] ^B B B ^Un>M©«ffi1i3fi^^W^L. 

fc0 

[01 3] ^»B^Ua>IIW»K«SRRtf^K)VJ-* 
[014] #58E©?g2©*S^«£&3MI S 



7&m<mn vmrnw- vwrnoBmpzw-t m m 1 5] ^^<om2<Dmmmim^u 1 s v-yy 

-X • KH-^S^ifO^^/J^ig^^Un [01 7] £»>y3>M^Sc£oTMOS 

[0150] y-x ■ f >^ic*a^ [018] ^j«s/y 3>»ti<D«w^a 3 PW»» 

<Dim?)^m)^\ zvfctb, mmiamztircM [019] ^m^y^^ym^mmicm-^fmit 

o s f e t©v-x • f vjyfflm><&&m?>¥-'7 ws&tx\,nm 

frWXp (S/D) tt, ftgRp h-gCTSo Lfctfo 20 [02 0] $£B3"J 3>Moafc^«koT»*»lRKO 

T> Xs £X P (S/D) ©H#ob<fi)utr5o 5F>HWttWa4*ilfc*^L.fcH 

[0151] yj&m®c»i3mmic^TwmLrz [021] /j«^jsas"j ^^^gEoiswcjtrss/ 

< , ^©ag^rjaaKt^v^iBHrtfcfe^Ta^^LT [022] aibs^rui^u ^yt>mm>&&y u n 

[0 15 2] ££^Lfc0 

D^<^s] «wk: *ntf» y- Mtsosatfc [0 2 3] m$mc®&u 1 s h^y^x^^s^ 

mmm<r>£iwf- f mmnm<D?m^mmt^ c [024] t£i?&ffi{c&5M 1 s h vyisxzom&ti 

ttfT-z.&ffimMismtmtm&zmzcttfT' 30 mzniLrcm 

[025] mfmmmt^mTikx^^y v ^ 

[0ffiOffi*5:i^] VltOSgftSWa** C ££^Uc0 

[0 1 ] 1 (DUSS^fc^-SM I S h^^>* [02 6] ^>Uay^7W7X^'J ayfrb 

[0 2 ] *mUc.9&&l5Ski' » 3 »S<o«jg^1^W fc0 

{c^tfc0 [027] -^ymfrhtt?- hwmttmr- 

[04] ^gBaS/UriyMtoa^fc.toT^Sfb^S 11.3 

aSCfc^bfcH « 12. 3 2-»?#SMi« 

[05] ^JB^y^fSC^tc^oTF-^h^ 13a. 3 3 a-n^x* 

W5)5«i:i:^Lft0 1 3 b. 3 3 b- - pVxH 

[06] *ISB->U3>«l05tl^t:<feoT->- h**y 14. 3 5-Y-FtMMI 

7jttfE*WS:*Ci:**L./S:H 15, 16. 3 7 -^S>"J 3>I 

[07] ^gBli/y3>K(Dlt«*fr(C<fcoTaffitt^ 17, 3 9 a, 3 9 b-x*Xx>5/3 XSW 

»5 C fc**LfcH 18,40 -III 

[08] j^^ynvwoBffls^^b^araw^ 19, 41a, 4 1 b-y-x- fw>w 



[09] §Mas/U3>l«©Kiiil)ffi^tfctB»^ 
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2 0, 4 2-->y+M'F§i 

3 4 a, 3 4 b ■ : f-Y%-/W*y&XM 
3 8-&&ffcl« 
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[01 7] 
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i i l . 
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#M2 0 0 0-1 5 0 882 
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[01 5] 




(15) 



fiP2 0 0 0-l 5 0 




[01 9] 
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1J>x10» 
8.0 X10* 
6.0x10™ 

4.0 x 10™ 
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[016] 



(a) 

34a*+**-r*>&.X* 



34b***JK*i 



338^1^ 
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